Fentanyl is widely used to treat acute and chronic pain. Previous in vitro studies by the present authors demonstrated that fentanyl inhibits the progression of the MGC-803 human gastric carcinoma cell line by affecting apoptosis-related genes, including nuclear factor-kappa B (NF-κB) and phosphatase and tensin homolog. In the present study, the effects of fentanyl on NF-κB-dependent gene expression were investigated in vivo. Nude mice were inoculated with an MGC-803 cell suspension, and mice that developed subcutaneous tumors measuring >1.0x1.0 cm were selected for study. Mice were administered intraperitoneal injections of fentanyl (0.05 mg/kg, group F1; 0.1 mg/kg, group F2; 0.2 mg/kg, group F3; and 0.4 mg/kg, group F4) for 14 consecutive days. Non-fentanyl-treated mice (group C) and normal saline-treated mice (group N) served as the control groups. Tumor growth was monitored by calculating the time-shift of the growth curve. Morphological changes were also observed using microscopy. The expression of NF-κB, B-cell lymphoma-2 (Bcl-2), B-cell associated X protein (Bax), vascular endothelial growth factor-A (VEGF-A) and matrix metalloproteinase-9 (MMP-9) in the subcutaneous tumor tissue was also analyzed by reverse transcription-polymerase chain reaction and western blot analysis, and confirmed using immunohistochemistry. The relative tumor volumes of groups F1, F2, F3 and F4 were significantly reduced compared with groups C and N. Furthermore, subcutaneous tumor cells exhibited nuclear swelling, chromatin condensation, reduced chromatin and nuclear fragmentation in the F1, F2, F3 and F4 groups. The number of NF-κB + , Bcl-2 + , VEGF-A + and MMP-9 + subcutaneous tumor cells was reduced, whereas the number of Bax + cells was increased in the F1, F2, F3 and F4 groups. Additionally, in these groups, tumor expression of NF-κB, Bcl-2, VEGF-A and MMP-9 transcripts and proteins was downregulated, while Bax messenger RNA and protein expression levels were upregulated. The results revealed that fentanyl inhibits the growth of subcutaneous human gastric carcinoma tumors in mice. Therefore, it could be hypothesized that this antineoplastic activity may result from the inhibition of NF-κB activation, suppression of downstream VEGF-A and MMP-9 expression, and normalization of the pro-apoptotic Bax/Bcl-2 ratio.
Introduction
At present, gastric carcinoma is the fourth most common human neoplasm and the second most common cause of carcinoma-associated mortality worldwide, accounting for 986,600 novel cases and 738,000 mortalities annually (1). The incidence and mortality rates of this disease are higher in China than in other Asian countries (1) . The molecular pathogenesis of gastric carcinoma has been investigated extensively with the aim of developing more effective therapeutic strategies for this type of tumor (2) . Thus, there is an urgent requirement for the development of strategies to prevent and treat this disease.
Fentanyl, which is the most frequently used analgesic, exhibits minimal cardiovascular effects and does not increase plasma histamine levels (3) . Due to its relatively short onset of action and duration of effect, fentanyl is a convenient and widely available drug used in clinical practice (4) . As a result of these pharmacological properties, fentanyl is commonly used for the management of severe pain associated with carcinoma (5) . A previous study reported that fentanyl inhibited carcinoma cell proliferation and carcinoma progression (6) , indicating a
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potential antitumor role for this drug (7) . However, whether fentanyl affects gastric carcinoma cells remains unclear. Nuclear factor-kappa B (NF-κB) is a DNA binding protein that regulates cellular activities, including cell cycle, apoptosis, adhesion and angiogenesis, by interacting with its downstream genes (8) . A recent study reported that NF-κB-dependent microRNA-425 upregulation promotes gastric carcinoma cell growth by targeting phosphatase and tensin homolog (PTEN) following interleukin-1β induction (9) . NF-κB is important in cell development, survival and oncogenesis (10, 11) . The NF-κB signaling pathway contributes to fentanyl-mediated inhibition of carcinoma cell proliferation (12) . However, at present, the association between fentanyl and NF-κB remains unclear.
A previous in vitro study by the present authors revealed that fentanyl inhibits the progression of human gastric carcinoma MGC-803 cells via the downregulation of NF-κB and the upregulation of PTEN (7) . However, whether fentanyl administration in vivo exerts similar effects on the progression of human gastric carcinoma cells remains unclear. Therefore, the present study was conducted to investigate the effects of fentanyl on human gastric carcinoma cells in vivo and to explore the possible mechanism that underlies these effects.
Materials and methods
Cell culture. The poorly differentiated MGC-803 human gastric adenocarcinoma cell line was purchased from The Cell Bank of Type Culture Collection of Chinese Academy of Sciences (Shanghai, China). The cells were cultured in Dulbecco's modified Eagle's medium (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% heat-inactivated fetal bovine serum (Invitrogen; Thermo Fisher Scientific, Inc.), penicillin (100 U/ml; Gibco; Thermo Fisher Scientific, Inc.) and streptomycin (100 µg/ml; Gibco; Thermo Fisher Scientific, Inc.). The cells were cultured in an incubator with an atmosphere of 5% CO 2 at 37˚C, and the medium was changed every 3 days. A cell suspension was prepared from the cultured cells using a previously described method (13) . The viability of the cells in the cell suspension was assessed via trypan blue staining (Sigma-Aldrich, St. Louis, MO, USA).
Animal model and fentanyl administration.
Male BALB/C nude mice (4 weeks old; weight, 15-20 g; Vital River Laboratories Co., Ltd., Beijing, China) were used for all experiments. The mice were bred and maintained under standardized housing conditions at a constant room temperature with a 12/12 h light/dark cycle, with access to food and water ad libitum. The experimental protocol was approved by the Animal Care and Use Committee of Guangxi Medical University [Nanning, China; approval no. 2016(KY-E-015)]. A murine model of a subcutaneous human gastric carcinoma tumor was established by inoculating the right oxter of each nude mouse with a suspension of cells in logarithmic phase growth. When tumors had grown to 1 cm in diameter, a total of 30 nude mice were randomly divided into the following 6 groups (5 mice per group): Control group (group C), normal saline group (group N), group F1, group F2, group F3 and group F4. Group C received no treatment, group N received an intraperitoneal injection of 1.5 ml/kg saline (daily; GE Healthcare Life Sciences, Logan, UT, USA), and groups F1, F2, F3 and F4 received intraperitoneal injections of 0.05, 0.1, 0.2 and 0.4 mg/kg fentanyl (Yichang Humanwell Pharmaceutical Co., Ltd., Yichang, China), respectively, each day.
Tumor growth curve generation. Following fentanyl administration, the diameter (a) and length (b) of the tumors were measured using a vernier caliper (Saben Int'l Trading (Hong Kong) Co., Ltd., Hong Kong, China) every two days. The tumor volume (TV) was calculated using the following formula: TV = 1/2 x (a 2 x b). The relative tumor volume (RTV) was calculated using the following formula: RTV = TV n /TV 1 x 100%, where TV n represents the TV measured at time n, and TV 1 represents the initial TV measurement. The final TV was calculated using the diameter (a) and length (b) measurements that were obtained directly after the tumors were completely resected from the mice. The tumor growth curve was generated using the RTV results.
Morphological observation using microscopy. The nude mice were euthanized via cervical dislocation 16 days after fentanyl administration, and the tumors were completely removed. The resected tumor tissues were paraffin-embedded (Shanghai Huayong Paraffin Co., Ltd., Shanghai, China), fixed in 10% neutral formaldehyde (Tianjin Kermel Chemical Reagent Co., Ltd., Tianjin, China) and dehydrated using a graded ethanol series (Zhejiang Zhongxing Chemical Reagent Co., Ltd, Lanxi, China). A single ultrathin tumor tissue slice (50 nm) was obtained from each mouse using Ultrotome V (LKB, Stockholm, Sweden). The tissue slices were visualized using the Zeiss Axiovert 200 M Inverted Microscope (Zeiss GmbH, Jena, Germany).
Immunohistochemical analysis. Upon fixation with 4% buffered paraformaldehyde (Tianjin Kermel Chemical Reagent Co., Ltd.), tumor tissues were embedded in paraffin and cut into 4-µm sections. For the immunohistochemical analysis of NF-κB, B-cell lymphoma-2 (Bcl-2), B-cell associated X protein (Bax), vascular endothelial growth factor-A (VEGF-A) and matrix metalloproteinase-9 (MMP-9) expression, the sections were deparaffinized using xylene and rehydrated using an ethanol/H 2 O gradient, subsequent to heating in an electro-thermostatic drier (DGG-9070A Electro-thermostatic Drier; SenXin Experimental Apparatus Co., Ltd., Shanghai, China) at 60˚C for 20 min, and washed with phosphate-buffered saline (GE Healthcare Life Sciences). Antigen repair was then performed using 50 ml citrate buffer (pH 6.5; Sigma-Aldrich) for 20 min, and the sections were treated with 3% H 2 O 2 (Shanghai Lianshi Chemical Reagent Co., Ltd., Shanghai, China) in methanol (Tianjin Siyou Chemical Reagent Co., Ltd., Tianjin, China) for 10 min. The sections were then incubated with rabbit polyclonal anti-NF-κB (dilution, 1:50; catalog no., sc-7151; Santa Cruz Biotechnology, Inc., Dallas, TX, USA), rabbit monoclonal anti-Bcl-2 (dilution, 1:100; catalog no., 2870; Cell Signaling Technology, Inc., Danvers, MA, USA), rabbit monoclonal anti-Bax (dilution, 1:100; catalog no., 14796; Cell Signaling Technology, Inc.), rabbit polyclonal anti-VEGF-A (dilution, 1:100; catalog no., PA1080; Wuhan Boster Biological Technology, Ltd., Wuhan, China) and rabbit polyclonal anti-MMP-9 (dilution, 1:100; catalog no., PB9669; Wuhan Boster Biological Technology, Ltd.) primary antibodies. The antibodies were diluted in 1% albumin bovine V (Biosharp Company, Hefei, China). Upon incubation with the donkey anti-rabbit horseradish peroxidase-conjugated secondary antibodies (dilution, 1:10,000; catalog no., sc-2313; Santa Cruz Biotechnology, Inc.), the sections were stained with diaminobenzidine (Beijing CellChip Biotechnology Co., Ltd., Beijing, China).
Reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was extracted from tumor tissues using TRIzol reagent (Tiangen Biotech Co., Ltd., Beijing, China), according to the manufacturer's protocol. RT was performed by incubating total RNA (3 µg), random hexamer primer (1 µl; Invitrogen; Thermo Fisher Scientific, Inc.), 5X reaction buffer (4 µl), RiboLock™ RNase (1 µl), deoxynucleotide triphosphates mix (2 µl) and RevertAid™ M-MuLV reverse transcriptase (1 µl), according to the manufacturer's protocol (Invitrogen; Thermo Fisher Scientific, Inc.). PCR amplification was performed using Taq DNA polymerase (Invitrogen; Thermo Fisher Scientific, Inc.). The expression of the glyceraldehyde 3-phosphate dehydrogenase (GAPDH) gene served as the internal control. The primer sequences were as follows: Forward, 5'-GGG AAG GAA CGC TGT CAGAG-3' and reverse, 5'-TAG CCT CAG GGT ACT CCA TCA-3' for NF-κB; forward, 5'-GAC TTC GCC GAG ATG TCCAG-3' and reverse, 5'-CAT CCC AGC CTC CGT TATCC-3' for Bcl-2; forward, 5'-CCA AGA AGC TGA GCG AGTGT-3' and reverse, 5'-CCG GAG GAA GTC CAA TGTC-3' for Bax; forward, 5'-TCA CCC CAC TAA TGG CACC-3' and reverse, 5'-TCC ACT TCC CAC CAA CAGAC-3' for VEGF-A; forward, 5'-ACG ACC ACG GAC AGA GTA GAA-3' and reverse, 5'-GAA GGG ACT CAA TCA GCA ACA-3' for MMP-9; and forward, 5'-ACA GCA ACA GGG TGG TGGAC-3' and reverse, 5'-TTT GAG GGT GCA GCG AACTT-3' for GAPDH. The primers were synthesized by Invitrogen (Thermo Fisher Scientific, Inc.). The reaction was performed using a Bio-Rad Thermal Cycler (Bio-Rad Laboratories, Inc., Hercules, CA, USA) at 37˚C for 15 min and 70˚C for 50 min. RT-PCR was performed as follows: Initial denaturation at 94˚C for 4 min; 30 cycles of denaturation at 94˚C for 30 sec, annealing at 55˚C for 30 sec and extension at 72˚C for 45 sec; and final extension at 72˚C for 5 min. Finally, the PCR amplification products were examined using 1.2% agarose gel electrophoresis.
Western blot analysis. Tumor samples (20 mg) were mechanically homogenized in 100-200 µl lysis buffer (Wuhan Boster Biological Technology, Ltd.) and centrifuged (Sorvall ST 16R Centrifuge; Thermo Fisher Scientific, Inc.) at 11,268 x g for 3-5 min at 4˚C. The supernatant was subsequently collected, and the total protein concentration in the supernatant was quantified using a Bradford protein assay (Bio-Rad Laboratories, Inc.). Protein extracts (16 µl/sample) were heated for 10 min at 95˚C and denatured in sodium dodecyl sulfate sample buffer (Invitrogen; Thermo Fisher Scientific, Inc.). The samples and the PageRuler™ Prestained Protein Ladder (Thermo Fisher Scientific, Inc.) were loaded onto a NuPAGE Novex 4-12% Bis-Tris gel (Invitrogen; Thermo Fisher Scientific, Inc.) for electrophoresis, and then transferred to a polyvinylidene difluoride membrane (Bio-Rad Laboratories, Inc.) using the Bio-Rad Mini-Protein Tetra System (Bio-Rad Laboratories, Inc.). The membranes were treated with blocking solution containing 5% non-fat dry milk (Difco™ Skim Milk; Bio-Rad Laboratories, Inc.) in Tris-buffered saline (TBS; Biosharp Company) with 0.1% Tween-20 (Amresco LLC, Cleveland, OH, USA) for 2 h. The membranes were next incubated with the rabbit polyclonal anti-NF-κB (dilution, 1:1,000), rabbit polyclonal Bcl-2 (dilution, 1:1,000), rabbit polyclonal anti-Bax (dilution, 1:1,000), rabbit polyclonal anti-VEGF-A (dilution, 1:500) and rabbit polyclonal anti-MMP-9 (dilution, 1:500) primary antibodies overnight for ~12 h at 4˚C. Following three washes with TBS containing Tween-20, the membranes were incubated with donkey anti-rabbit horseradish peroxidase-conjugated secondary antibodies (dilution, 1:10,000) for 1 h. The immunoreactive bands were visualized using ECL kit (Bio-Rad Laboratories, Inc.). Briefly, the membranes were washed three times with TBS containing Tween-20 for 10 sec each, and incubated with a chemiluminescence reagent for 30-60 sec. The membranes were then exposed to X-ray film in a dark room for 10 sec-15 min. X-ray films were visualized using a gel electrophoresis scanning X-ray imaging analysis system (Gel-Doc XR System; Bio-Rad Laboratories, Inc.), and analyzed using Quantity One analysis software (version 4.6.2; Bio-Rad Laboratories, Inc.). The relative concentrations of NF-κB, Bcl-2, Bax, VEGF-A and MMP-9 were normalized to GAPDH and expressed as a ratio compared with the control.
Statistical analysis. All data were analyzed using SPSS version 16.0 statistical software (SPSS, Inc., Chicago, IL, USA). Tumor growth data were analyzed using one-way analysis of variance and the Bonferroni method. Western blotting data were statistically analyzed using a two-tailed Student's t-test. All data are expressed as the mean ± standard deviation. P<0.05 was considered to indicate a statistically significant difference. 
Results
Tumor growth curve. Following fentanyl administration, the diameter (a) and length (b) of the tumors were measured every two days. No significant differences were identified in the RTV of groups C or N at any time point (P>0.05). The RTV of groups F1, F2, F3 and F4 were significantly reduced compared with that of groups C and N (P<0.05), however, no statistically significant differences were identified among the fentanyl treatment groups (F1, F2, F3 and F4) (P>0.05) at the first four time points. On day 10 (corresponding to the fifth time point), the RTV of the F3 and F4 groups were significantly reduced compared with the RTV of F1 and F2 groups (P<0.05). On day 16 (eighth time point), the RTV of group F4 was significantly reduced compared with that of groups F1, F2 and F3 (P<0.05) (Fig. 1) .
Subcutaneous tumor morphology.
Microscopy was used to analyze the morphology of the tumors. In group C, the subcutaneous gastric carcinoma tumor cells exhibited an irregular shape with clear chromatin, increased nucleoli and intact nuclear and cell membranes. Apoptotic morphological changes of varying degrees were observed in groups F1, F2, F3 and F4, where pyknosis, karyolysis, nuclear membrane rupture, cytoplasmic vacuoles and apoptotic bodies were identified. In group N, swollen tumor tissue cells with an irregular shape, large and clear nucleoli and an integrated nuclear membrane were observed (Fig. 2) .
Immunohistochemical analysis of NF-κB, Bcl-2, Bax, VEGF-A and MMP-9 protein expression.
The percentage of cells exhibiting positive NF-κB, Bcl-2, VEGF-A and MMP-9 expression was reduced in groups F1, F2, F3 and F4 compared with groups C and N. By contrast, Bax expression was increased in groups F1, F2, F3 and F4 compared with groups C and N (P<0.05) (Fig. 3) .
NF-κB protein was located in the nucleus, whereas Bcl-2, Bax, VEGF-A and MMP-9 were located in the cytoplasm. In groups C and N, NF-κB, Bcl-2, VEGF-A and MMP-9 were Figure 2 . Morphological staining of subcutaneous tumour tissues using 1% uranyl acetate. Nuclear pyknosis, karyolysis and nuclear membrane rupture were observed in groups F1, F2, F3 and F4. Cytoplasmic vacuoles were also observed in groups F1, F2 and F4. There was no significant nuclear abnormality observed in groups C and N. Magnification, x400. widely distributed and exhibited strong positive staining throughout the cells, whereas Bax was less widely distributed and exhibited weak staining. By contrast, in groups F1, F2, F3 and F4, NF-κB, Bcl-2, VEGF-A and MMP-9 were less widely distributed and exhibited weak staining, whereas Bax was widely distributed and exhibited strong staining (Fig. 4) .
NF-κB, Bcl-2, Bax, VEGF-A and MMP-9 messenger RNA (mRNA) expression.
Gel electrophoresis of the RT-PCR products of groups F1, F2, F3 and F4 revealed specific bands corresponding to NF-κB, Bcl-2, VEGF-A and MMP-9 at 321, 259, 321 and 221 bp, respectively. The band intensity indicated that NF-κB, Bcl-2, VEGF-A and MMP-9 mRNA expression levels were increased and BAX mRNA expression levels were decreased in group C and N compared with the fentanyl-treated groups (F1, F2, F3 and F4 ). In addition, tumor-bearing mice treated with different doses (0.05, 0.1, 0.2 and 0.4) of fentanyl (groups F1, F2, F3 and F4) showed decreased mRNA expression of NF-κB, Bcl-2, VEGF-A and MMP-9, and increased expression of BAX compared with mice in groups C and N, which indicates suppression of tumor growth. Semiquantitative grey ratio analysis of the specific bands and their internal controls was performed using Quantity One software version 4.6.2. The results demonstrated that NF-κB, Bcl-2, VEGF-A and MMP-9 mRNA expression was significantly reduced in groups F1, F2, F3 and F4 compared with groups C and N. In addition, Bax expression was significantly increased in groups F1, F2, F3 and F4 compared with groups C and N (P<0.05). No significant differences in NF-κB, Bcl-2, Bax, VEGF-A and MMP-9 mRNA expression were identified between groups C and N (Fig. 5) .
NF-κB, Bcl-2, Bax, VEGF-A and MMP-9 protein expression.
Analysis of protein expression in groups F1, F2, F3 and F4 revealed specific bands for NF-κB, Bcl-2, VEGF-A and MMP-9 at 65, 26, 27 and 78 kDa, respectively. The western blot analysis showed increased protein expression of NF-κB, Bcl-2, VEGF-A and MMP-9 and decreased expression of BAX protein in groups C and N as compared to fentanyl treated groups (F1, F2, F3 and F4 ). In addition, treatment of tumor-bearing mice with different doses (0.05, 0.1, 0.2 and 0.4) of fentanyl (F1, F2, F3 and F4) showed decreased protein expression of NF-κB, Bcl-2, VEGF-A and MMP-9, and increased expression of BAX protein compared to mice in groups C and N, which indicates suppression of tumor growth. Semiquantitative analysis demonstrated that NF-κB, Bcl-2, VEGF-A and MMP-9 protein expression in groups F1, F2, F3 and F4 was significantly decreased, while Bax protein expression was significantly increased, compared with groups C and N (P<0.05). No significant differences in NF-κB, Bcl-2, , x40) . In groups C and N, intense brown-stained cells indicated overexpression of NF-κB, Bcl-2, VEGF-A and MMP-9. These proteins demonstrated moderate and weak expression in groups F1, F2, F3 and F4. Groups C and N showed a decreased number of brown-stained cells, indicating weak expression of Bax, which was moderately and strongly expressed in groups F1, F2, F3 and F4. NF-κB, nuclear factor-kappa B; Bcl-2, B-cell lymphoma-2; Bax, Bcl-2 associated X protein; VEGF-A, vascular endothelial growth factor-A; MMP-9, matrix metalloproteinase-9.
Bax, VEGF-A and MMP-9 protein expression were identified between groups C and N (Fig. 6 ).
Discussion
In a previous in vitro study, the present authors demonstrated that fentanyl inhibits the progression of human gastric carcinoma MGC-803 cells via NF-κB downregulation and PTEN upregulation (7) . In the present study, a xenograft MGC-803 tumor mouse model was established following the intraperitoneal administration of various doses of fentanyl to nude mice. Subsequently, NF-κB, Bcl-2, Bax, VEGF-A and MMP-9 expression was measured in the subcutaneous tumor tissues. The results revealed that fentanyl inhibits the growth of subcutaneous human gastric carcinoma tumors in nude mice in vivo, and promotes gastric carcinoma cell apoptosis by inhibiting the NF-κB signaling pathway and altering the Bcl-2/Bax ratio. Furthermore, the results confirmed that fentanyl inhibits gastric subcutaneous carcinoma invasion and angiogenesis by downregulating VEGF-A and MMP-9 expression.
Fentanyl, which is a potent µ-opioid receptor (MOR) agonist, is considered to be an effective analgesic for cancer pain in terminal cancer patients (14) . Lennon et al (15) reported that MOR promotes opioid-and growth factor-induced proliferation, migration and epithelial-mesenchymal transition in human lung cancer. A recent study confirmed that fentanyl inhibits tumor growth, increases the expression of sirtuin 1 and decreases he expression of acetyl-p65 in colorectal carcinoma cells via the inhibition of NF-κB activation (16) . Thus, the potential antitumor activity of fentanyl must be considered in the management of carcinoma pain. The current study demonstrated that fentanyl-mediated inhibition of tumor cell proliferation and tumor growth is not dose-or time-dependent. In a study by Kampa et al (17) , opioid alkaloids and casomorphin peptides decreased the proliferation of prostatic carcinoma cell lines in a dose-dependent manner. This discrepancy may be attributed to the different types of carcinoma that were investigated in the two studies. Notably, the present study demonstrated that fentanyl alters cellular morphology, induces cell apoptosis and reduces human gastric carcinoma cell migration.
The transcription factor NF-κB is a DNA binding protein that augments the transcription of various genes that are involved in cell proliferation (18) . NF-κB exhibits an important function in cell development (10) , survival and oncogenesis (11) , which is mediated by the formation of homodimers or heterodimers containing NF-κB/Rel family members, including RelA/p65, RelB, c-Rel, NF-κB1/p50 and NF-κB2/p52 (10, 11, 19) . A variety of different stimuli, including cytokines, oxidative stress, apoptosis-inducing stimuli and drugs used in anticancer treatment, are able to activate NF-κB (20, 21) . Previous studies have demonstrated that morphine directly inhibits NF-κB function via the release of nitric oxide (NO) (22, 23) . Similarly, in the present study, fentanyl inhibited NF-κB expression in human gastric carcinoma cells. However, whether fentanyl inhibits NF-κB expression and induces antiproliferative and apoptotic effects via the release of NO or via other mechanisms requires further investigation.
Bcl-2, which is a classical anti-apoptotic gene, encodes a 26-kDa transmembrane protein that suppresses apoptosis and subsequently enhances cell survival (24) . Bax, which acts as a tumor suppressor, belongs to the Bcl-2 family subgroup of pro-apoptotic genes (25) . The Bax protein is a homolog of Bcl-2 and promotes cell death via apoptosis (25) . Bax may bind to Bcl-2, forming Bax/Bcl-2 heterodimers, or to itself, forming Bax/Bax homodimers (24) . Apoptosis is regulated according to the ratio of these two proteins; specifically, apoptosis is induced by Bax and inhibited by the formation of Bax/Bcl-2 heterodimers (26) . Alterations in Bcl-2 and Bax mRNA and protein expression patterns, which typically reflect different prognostic profiles for carcinoma patients, have been identified in human malignancies (27) . Bcl-2 is strongly regulated by NF-κB activity (7) . NF-κB potentially reduces the Bcl-2/Bax ratio, inducing gastric carcinoma cell apoptosis (28) .
The VEGF superfamily critically influences tumor-related angiogenesis (29, 30) . VEGF promotes neovascularization and migration, and increases vascular permeability (31) . VEGF-A is considered the most potent angiogenic factor, and functions by activating the receptor tyrosine kinases VEGF receptor-1 (VEGFR-1) and VEGFR-2 (32). Lee et al (33) demonstrated that VEGF suppresses T-lymphocyte infiltration in the tumor microenvironment via the inhibition of NF-κB-induced endothelial activation. The present study revealed that the mRNA and protein expression of NF-κB and VEGF-A decreased in tumor tissues upon fentanyl administration; however, the association between these two proteins remains unclear.
Tumor cells degrade extracellular matrix (ECM) components to invade surrounding tissues (34) . This process is tightly controlled by ECM-degrading enzymes, including MMPs (35) . MMPs, which are a family of closely-related enzymes that degrade ECM, are involved in tumor invasion and migration, and may be associated with the invasion, lymph node metastasis and survival of gastric carcinoma (36, 37) . MMP-9 is a zinc-containing enzyme that exhibits potent proteolytic .05 vs. groups C and N. NF-κB, nuclear factor-kappa B; Bcl-2, B-cell lymphoma-2; Bax, Bcl-2 associated X protein; VEGF-A, vascular endothelial growth factor-A; MMP-9, matrix metalloproteinase-9; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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activity against a wide range of ECM components, including laminin subunit alpha-5 and type IV collagen, which are the major constituents of basement membranes (38) . A study performed by Yang et al (39) reported positive MMP-9 expression in 60.7% of gastric carcinoma samples. In the present study, positive MMP-9 expression was identified in gastric carcinoma tissues, and it was observed that MMP-9 protein and mRNA expression levels in tumor tissues decreased following fentanyl administration.
In conclusion, fentanyl is recommended as an opioid analgesic in the management of pain in carcinoma patients. The results of present study indicate that fentanyl inhibits the progression of human gastric carcinoma MGC-803 cells by modulating NF-κB-dependent gene expression in vivo. Thus, fentanyl is promising for the pain management of cancer patients. However, the mechanism of fentanyl modulation of NF-κB-dependent gene expression requires additional research.
